In utero, the mammalian fetus normally develops in an environment devoid of microbial challenges. This circumstance changes, however, during and immediately following the birthing process, as the newborn infant becomes colonized by a multitude of environmental bacterial, viral, and fungal species. For the most part, however, rather than causing harm, these microorganisms begin to develop into an individual's normal microflora. Moreover, many of the body's organs such as the skin, gastrointestinal, respiratory, and genitourinary tracts, as well as both the nervous and immune systems, continue to develop after birth in close collaboration with the normal microflora [1, 2] . We now realize that normal host development and aging occur in concert with the normal microflora and vice versa and that this process is complex, involving exquisite and complex lines of communication between the host and its normal microflora [3] .
Cells of the normal microflora not only receive developmental instructions from the host, but they have also established elaborate signaling pathways for communicating among themselves. These lines of communication allow the different microorganisms within the normal microflora to identify friend from foe, to defend themselves from pathogenic invaders and predatory microbes, to assist each other by providing needed metabolic products and byproducts, and to create environmental niches that favor the colonization process of each member of the community. This process is evolutionary and, under normal circumstances, will lead to a mutual coexistence of the host with its normal microflora. It may be helpful for hypothesis generation to consider the host and the normal microflora as 2 coexisting complex multicellular individuals, both of which depend on each other to maintain a state of mutual health.
The importance of the host-normal microflora relationship is further illustrated when the normal microflora is perturbed in some way, as occurs, for example, during antibiotic use or certain infectious diseases. These changes can lead to drastic alternations in both the total number and diversity of the species in the normal microflora, a situation referred to as dysbiosis. When dysbiosis happens, other environmental opportunistic microbial species can sometimes gain access and establish a foothold in host sites, with pathogenic consequences. Clostridium difficile [4] is one example. Infections can also lead to acute and chronic states of dysbiosis, which then place the host at risk for developing potentially lifelong disorders, such as inflammatory or irritable bowel syndrome, which will then lead to a permanent alteration in the host's normal microflora [5] . The "hygiene theory," in which the lack of exposure to certain beneficial microbes at critical stages in a host's developmental program may be linked to certain allergies, may also represent a form of dysbiosis [6] .
To coexist, microbes have evolved numerous mechanisms for communicating with each other. These mechanisms include quorum-sensing molecules [7] ; mechanisms for acquiring nutrients such as iron [8] , which are critical to survival; and elaborate systems, such as colicins and type VI secretory systems (T6SS), for offensive and defensive purposes [9, 10] . These latter 2 systems involve a toxic component for killing or inhibiting the growth of nonproducing microbes, as well as immunity proteins needed for their own protection or the protection of beneficial related species. Many organisms can also readily share genetic information with each other, thereby further expanding the coevolutionary possibilities of the community.
The article by Nipic et al in this issue of the Journal describes a system of genes possessed by certain uropathogenic Escherichia coli strains that, together, exhibit activity similar to DNAse-like colicins and pyocins, proteins that may provide producing bacteria with a competitive advantage in multimicrobial communities. The intriguing observation however, is that these proteins also exhibit genotoxic activity in mammalian cells that further expands the ability of both pathogenic and nonpathogenic bacteria to influence host cell biology.
The research reported in their article was motivated by the observation that a high proportion of uropathogenic E. coli strains isolated from patients with pyelonephritis, as well as prostatitis and urosepsis, possess a uropathogenic-specific gene (usp) that is infrequently present in fecal E. coli isolates from healthy subjects. The usp gene is contained within a small pathogenicity island together with 3 downstream open reading frames of approximately 300 bp, each designated imu1-3 because they exhibit similarities with the immunity proteins that protect colicin producers from their cognate bacteriocins. Moreover, pairwise alignment of the Usp protein sequence with those of endonuclease bacteriocins revealed Cterminal similarities with the DNAse-like domain of the protease-sensitive bacteriocin, S pyocin AP41, produced by Pseudomonas aeruginosa, as well as the endonuclease motif of DNAse-type colicins expressed by E. coli. In contrast to the E. coli and P. aeruginosa bacteriocinencoding gene clusters, the region upstream of the usp gene encodes an N-terminal extension resembling a motif found in hemolysin-coregulated proteins associated with T6SS. To determine the function of the Usp and Imu proteins, the authors investigated their activity on bacterial and mammalian cells, in addition to the response of mammalian cells exposed to usp + imu1-3 + and usp − imu1-3 − E. coli strains.
The authors found that, although recombinant Usp was capable of degrading purified linearized bacterial plasmid DNA into small fragments, a property possibly explained by its DNAse-like domain, which is similar to that of the proteasesensitive bacteriocin, the purified protein had no inhibitory activity on E. coli strains grown on agar plates. Because of the correlation between the presence of the usp gene in bacteremic strains of urinary tract origin, the authors then turned their attentions to the effect of Usp on endothelial cells, because of the central role of these cells in regulating local immune and inflammatory reactions, as well as vascular injury. They found that exposure of human umbilical vein endothelial cells (HUVECs) to purified Usp in combination with a purified Imu, Imu2 in particular, caused cell rounding and membrane blebbing. Moreover, although the MTT assay demonstrated no Usp/Imu-mediated cytotoxicity, an increase in respiratory activity relative to that in untreated HUVECs suggested the induction of a defense mechanism against a toxic insult.
Using the Comet assay, the authors also demonstrated that combinations of Usp and Imu2 alone caused DNA fragmentation and genotoxicity in HUVECs. Consistent with these findings, exposure of HUVECs and human embryonic kidney (HEK) cells (cell line HEK293) to usp + imu1-3 + E. coli resulted in a statistically significant activation of caspases 3 and 7 and the induction of apoptosis, which was also revealed by observations of cell rounding and blebbing. Moreover, the authors used Western immunoblotting to demonstrate that Usp and Imu are secreted from usp + imu1-3 + E. coli into the extracellular environment. These findings suggest that, presumably through an evolutionary process, certain E. coli strains capable of causing ascending urinary tract infections have acquired genes that allow them to express a family of proteins functionally related to DNAse-like pyocins and colicins involved in interbacterial interactions in polymicrobial communities. Usp also demonstrates similarities with hemolysin-coregulated proteins associated with T6SS, which is involved in pathogenesis and in defending against eukaryotic predators, and with colicins, which are involved in interbacterial interactions. The authors, however, were unable to demonstrate any lytic activity of recombinant Usp on the growth of E. coli on agar plates. Instead, their investigations revealed that Usp, in combination with another protein, Imu2, induced DNA fragmentation and initiated programmed cell death in mammalian cell lines in vitro. Usp has also been shown to promote ascending urinary tract infections in mice [11] . As such, Usp behaves as a genuine virulence factor with a significant role in the pathogenic program of certain E. coli strains. Moreover, Usp, when coadministered with Imu2, exhibited genotoxic activity in HUVECs.
As the authors discussed, genotoxicmediated fragmentation of DNA initiates a DNA damage response and cell cycle arrest in eukaryotic cells. Chronic exposure to DNA-damaging agents may cause genome instability, enhancing the risk of tumor development or other genetic defects. Genotoxins can also have destructive effects on the producing bacterial strains; hence, the need for immunity proteins for protection. Although Usp in combination with Imu2 caused the greatest amount of DNA fragmentation in HUVECs, the addition of Imu3 significantly reduced that activity. This observation suggests that, although Imu2 is involved in optimizing the genotoxic activity of Usp, the other Imu protein may be involved in protecting the DNA of the producing strain from lethal damage.
The article by Nipic et al thus describes a novel genotoxin that is highly prevalent in uropathogenic E. coli strains, as well as E. coli strains from patients with ulcerative colitis [12] . This genotoxin appears to have evolved from effector proteins used by the producing organisms as a survival mechanism in complex polymicrobial communities. However, Usp has also evolved to have a role in the pathogenic strategy of uropathogenic E. coli. These observations further illustrate the evolutionary complexities of hostpathogen interactions as they relate not only to interbacterial interactions but also to the interaction of bacteria with their host and other bacteria in sickness and in health. The remaining questions concern the possible positive and negative outcomes of host gene manipulation by bacteria and why has Usp apparently lost its bacteria-targeted activities in preference for entry into and genotoxic effects on host cells. The complexities involved in Usp binding to host cells and its intracellular trafficking to the host cell nucleus also remain intriguing open questions.
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